Introduction {#sec1}
============

Tuberculosis, an infectious disease caused by *Mycobacterium tuberculosis* complex (among others *M. tuberculosis, M. bovis, M. africanum*), continues to be an epidemiological problem in the 21^st^ century \[[@cit0001]\]. The highest incidence of tuberculosis (TB), above 500/100,000, is observed in Africa, the lowest (\< 10/100,000) in Western Europe, Canada, United States, Australia and New Zealand \[[@cit0001], [@cit0002]\]. In Poland, the incidence rate of TB is 16.8/100,000 \[[@cit0003]\]. As regards children \< 14 years, 62-116 cases have been reported annually over the last 5 years; with the incidence rate being 1.1-2/100,000 in this group \[[@cit0003], [@cit0004]\]. Latent tuberculosis infection (LTBI) is defined as a state of persistent immune response to prior-acquired *Mycobacterium tuberculosis* antigens without evidence of clinically manifested active TB \[[@cit0005]\]. Approximately 10% of people with LTBI will develop active TB disease in their lifetime, with the majority developing it within the first five years after initial infection. However, the risk of developing TB disease following infection depends on several factors, the most important one being the immunological status of the host \[[@cit0005]\].

Diagnostic tests for TB infection in children include: tuberculin test (TT) and interferon γ (IFN-γ) realease assay (IGRA). Active TB infection is recognized on basis of bacteriological, radiological and invasive examinations (bronchoscopy or biopsy of an organ suspected of tuberculous lesions) \[[@cit0004]-[@cit0009]\]. According to the American Academy of Pediatrics (AAP) \[[@cit0006]\] and the guidelines of the Polish Respiratory Society (*Polskie Towarzystwo Chorób Płuc* -- PTChP) \[[@cit0007]\], it is recommended to use IGRA tests in the diagnosis of LTBI in immunocompetent adults and in children over 5 years of age.

IGRA are based on measurement of the level of secreted IFN-γ (QuantiFERON-TB Gold (QFT) ELISA) \[[@cit0010]\] or measurement of the number of IFN-secreting cells (T-SPOT.TB test) after the incubation of the patient's whole blood with isolated mycobacterial antigens \[[@cit0011]\]. An increased synthesis of IFN-γ indicates the presence of memory cells recognizing mycobacterial antigens in the patient's blood sample, which confirms TB infection \[[@cit0010]-[@cit0013]\]. The major advantage of IGRA compared with TT is its significantly better specificity and lack of influence of BCG (Bacille Calmette-Guerin) vaccination on test results, which is of particular importance for vaccinated populations, including Polish one \[[@cit0007]-[@cit0009], [@cit0012]-[@cit0014]\]. In case of small children it is important to perform both TT and IGRA tests, keeping in mind that the blood for IGRA should be collected no later than on TT reading day \[[@cit0008]\].

Material for bacterial testing for *M. tuberculosis* infection may include body fluids (i.e. pleural exsudate, urine, bronchial lavage, gastric washing) and tissue material. BACTEC MGIT (mycobacterial growth indicator tube) system may be used to detect even a single mycobacterium in 1 mL of material; the results are available after 6 weeks \[[@cit0005], [@cit0008], [@cit0009]\]. Genetic tests, such as the *M. tuberculosis* Direct Test/Gen-Probe test (Amplified Mycobacterium Tuberculosis Direct Test), confirm the presence of *M. tuberculosis* genetic material (even one mycobacterial cell) within a few days \[[@cit0008], [@cit0009]\]. Radiological chest examinations (X-ray or computed tomography) are primary tools in diagnostics of pulmonary tuberculosis. It should be emphasized that radiological tests may suggest the diagnosis of TB but final diagnosis cannot be stated solely on imaging studies. Bronchoscopy is used to evaluate the appearance of the tracheobronchial tree and to collect the bronchoalveolar lavage directly from the lower respiratory tract or to perform bronchial biopsy. Biopsy material is histologically and bacteriologically tested. The presence of granuloma in histopathological examination is typical but not pathognomonic for TB diagnosis, because granulomas may also be found in patients with sarcoidosis or granulomatous diseases \[[@cit0009]\].

Tuberculosis prevention involves BCG vaccination, prophylactic treatment of LTBI and the early detection and treatment of new cases of active tuberculosis. The BCG vaccine is a part of the mandatory immunization program in Poland and its effectiveness in protection against the most severe forms of TB infection has been clearly proven \[[@cit0015]\]. Three or four antituberculous agents (isoniazid, rifampicin, pyrazinamide, ethambutol or streptomycin) are used in the treatment of TB. The treatment of latent tuberculosis infection lasts 6 months and consists of daily administration of one antituberculous drug or 3 months when two antituberculous drugs are administered \[[@cit0001], [@cit0005]-[@cit0007]\].

Nephrotic syndrome (NS) is caused by the urinary loss of protein which exceeds the body's compensatory capacity. The diagnostic criteria of NS include urinary protein loss of \> 50 mg/kg/day and serum albumin ≤ 25 g/l, hyperlipidemia and edema \[[@cit0016]-[@cit0020]\]. Increased urinary protein excretion in NS is due to an increased permeability of the glomerular filtration membrane caused by various pathological factors or defects in their microstructure. Primary NS is recognized when only symptoms of NS are present, without any symptoms of disease from other systems. In this group, idiopathic nephritic syndrome (INS) and primary glomerulonephritis are included. Secondary NS develops in the course of other diseases (systemic, infectious), after drug exposure, in poisonings. INS accounts for 90% of cases of NS in children between 1-10 years, and 50% of cases of NS in children over 10 years \[[@cit0017]\]. The treatment of INS involves administration of prednisone at a dose of 60 mg/m^2^/day or 2 mg/kg/day (max. 60 mg/day) for 4 weeks followed by 40 mg/m^2^/48 hours with a gradual tapering in consecutive weeks \[[@cit0019]-[@cit0021]\]. Relapses of INS in children are often preceded by respiratory tract infections. In these cases, increasing the frequency of prednisone administration from "every second day" (q2d) to "every day" (qd) for 5-7 days reduces the risk of NS recurrence \[[@cit0019]-[@cit0021]\].

The pathogenesis of INS includes the activity of an abnormal T-cell clone that produces factors damaging glomerular filtration membrane and thus increasing its albumin permeability. The synthesis of protein permeability factors may be the effect of stimulation of T-cell clones by B-lymphocytes under conditions of an impaired co-operation between these cells \[[@cit0022]\]. In children with primary NS, there may be a relationship with TB infection preceding the onset of NS \[[@cit0023]\]. It is also possible to develop TB disease during the treatment of NS with GCS and/or immunosuppressive medications \[[@cit0005], [@cit0007], [@cit0024]\].

Aim of the study {#sec2}
================

The presentation of Mycobacterium tuberculosis infection in 4 children with NS or proteinuria diagnosed over the past 2 years in one center of pediatric nephrology.

Material and methods {#sec3}
====================

In the years 2014-2016, 102 children with proteinuria/NS hospitalized in our tertiary center of pediatric nephrology were tested withQuantiFERON-TB test. During this period 4 children with proteinuria/NS (2 girls, 2 boys), aged from 4 to 15 years (mean 7.6 ±5.1 years), were diagnosed with tuberculosis infection.

Following clinical and biochemical data were analyzed in all 4 children with diagnosed TB infection: sex, age of diagnosis of TB infection, nephrological diagnosis and age of kidney disease onset, laboratory tests at the time of TB diagnosis: proteinuria \[mg/dl\], \[mg/kg/24 h\], urine sediment, peripheral blood morphology, C-reactive protein (CRP) \[mg/dl\], serum creatinine \[mg/dl\], GFR according to revised Schwartz formula \[[@cit0025]\] \[ml/min/1.73 m^2^\], serum albumin \[g/l\], reason for performing and result of QuantiFERON-TB Gold (QFT^®^) ELISA test (Cellestin, QIAGEN Comp., Victoria, Australia), results of bronchoalveolar lavage and urine TB microbiological tests: bacterioscopy, Gen-Probe i.e. Amplified Mycobacterium Tuberculosis Direct Test (Hologic, Inc. San Diego, CA, USA), BACTEC MGIT 960 System (Beckton, Dickinson and Company, Franklin Lakes, NJ, USA), results of imaging studies (abdominal ultrasonography, chest radiogram, chest computed tomography), history of contact with known or suspected TB patient, pulmonological diagnosis, and finally nephrological and anti-TB treatment.

Case reports {#sec4}
============

The clinical, laboratory and treatment data of 4 patients with diagnosed TB infection are presented in [Table 1](#t0001){ref-type="table"}. As for primary nephrologic disease, 3 children had idiopathic nephrotic syndrome. Half of the children had nephrotic range proteinuria at the moment of TB infection diagnosis. Abnormal urine sediment was revealed in one child. As for inflammatory markers, all children apart from one with leukopenia had normal white blood cell count and all the patients had CRP level within normal limits. Kidney function was normal in all 4 children. Two children had hypoalbuminemia. Positive result of QuantiFERON-TB test was found in all the patients. In 2 children (cases No. 2 and 3) bronchoalveolar lavage was performed and 3 children were tested with Gen-Probe and BACTEC MGIT system (cases No. 2, 3, 4). In none of the patients positive results of genetic tests, bacterioscopy or culture were found. Chest X-ray and ultrasonography of the urinary tract were performed in all these 4 children and revealed no abnormalities. Chest CT examination was performed in 3 children (cases No. 1, 2, 4). At the moment of diagnosis, 3 children were treated with GCS. Three patients were diagnosed with LTBI. One child (case No. 2) was diagnosed with lymph node TB after exclusion of other possible causes of lymphadenopathy (*Mycoplasma pneumoniae*, *Chlamydophila pneumoniae*, *Toxoplasma gondii*, and neoplasms). LTBI was treated with 6-month therapy with isoniazid. A triple therapy, including isoniazid, rifampicin, and pyrazinamide was used in a child with lymph node tuberculosis during GCS treatment. In the child with proteinuria and erythrocyturia (patient No. 4), chemoprophylaxis with isoniazid and renoprotective treatment with enalapril was used. Proteinuria subsided during antituberculous treatment and concomitant nephrological treatment in all the patients.

###### 

The clinical, laboratory and treatment data of 4 patients with TB infection and proteinuria/nephrotic syndrome

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Parameter                                           Case No.                                                                                                                                                                                                                                                                                                     
  --------------------------------------------------- ---------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------- -------------------------------------------------------------
  Sex                                                 ♂                                                                                                          ♂                                                                                                                          ♀                                                                      ♂

  Age of diagnosis of TB infection (years)            4.5                                                                                                        4                                                                                                                          15                                                                     7

  Nephrological diagnosis                             idiopathic nephrotic syndrome -- first episode                                                             relapse of non-nephrotic proteinuria\                                                                                      relapse of non-nephrotic proteinuria\                                  non-nephrotic proteinuria\
                                                                                                                                                                 \                                                                                                                          \                                                                      \
                                                                                                                                                                 idiopathic nephrotic syndrome two relapses                                                                                 idiopathic nephrotic syndrome five relapses                            renal biopsy-mesangial proliferation (++)

  Age of kidney disease onset (years)                 4.5                                                                                                        2                                                                                                                          4                                                                      6

  Laboratory tests:                                                                                                                                                                                                                                                                                                                                                

   Proteinuria: mg/dl\                                470\                                                                                                       145\                                                                                                                       131\                                                                   118\
  mg/kg/day                                           88                                                                                                         8                                                                                                                          58                                                                     37

   Erythrocyturia (/high-power field)                 0                                                                                                          0                                                                                                                          0                                                                      35-40

   Leukocyturia (/high-power field)                   0                                                                                                          0-1                                                                                                                        2-5                                                                    0-1

   Hb (g/dl)                                          12.3                                                                                                       13.6                                                                                                                       14.9                                                                   12.3

   WBC (ths/mm^3^)                                    7.6                                                                                                        8.4                                                                                                                        2.7                                                                    8.4

   Blood smear (%) neutrophils/lymphocytes            39.3/48.4                                                                                                  40.3/56.6                                                                                                                  44.5/44.2                                                              31.7/46.6

   CRP (mg/dl)                                        \< 0.5                                                                                                     \< 0.5                                                                                                                     \< 0.5                                                                 \< 0.5

   Creatinine (mg/dl)                                 0.3                                                                                                        0.4                                                                                                                        0.7                                                                    0.4

   GFR ac. to Schwartz formula \[ml/min/1.73 m^2^\]   154.9                                                                                                      108.4                                                                                                                      96.2                                                                   134.2

   Albumin (g/l)                                      23                                                                                                         36                                                                                                                         24                                                                     39

  QuantiFERON (IU/ml) (normal range \< 0.35 IU/ml)    4.69                                                                                                       1.107                                                                                                                      0.492                                                                  8.95

  Reason for performing QuantiFERON test              evaluation of the epidemiological status before first treatment with GCS, recurrent respiratory symptoms   evaluation of the epidemiological status before treatment with GCS, recurrent respiratory symptoms                         relapse of proteinuria, leuthkopenia, recurrent respiratory symptoms   proteinuria, erythrocyturia, recurrent respiratory symptoms

  Bronchoalveolar lavage:                                                                                                                                                                                                                                                                                                                                          

   Bacterioscopy                                      not performed                                                                                              negative                                                                                                                   negative                                                               not performed

   Gen-Probe                                          negative                                                                                                   negative                                                                                                                                                                                          

   BACTEC system                                      negative                                                                                                   negative                                                                                                                                                                                          

  Urine:                                                                                                                                                                                                                                                                                                                                                           

   Bacterioscopy                                      not performed                                                                                              not performed                                                                                                              negative                                                               negative

   Gen-Probe                                          negative                                                                                                   negative                                                                                                                                                                                          

   BACTEC system                                      negative                                                                                                   negative                                                                                                                                                                                          

   US of urinary tract                                normal                                                                                                     normal                                                                                                                     normal                                                                 normal

  Chest X-ray                                         normal                                                                                                     normal                                                                                                                     normal                                                                 normal

  CT scan                                             normal                                                                                                     lymph node package at the right side of the trachea 30 × 19 × 16 mm and single perihilar and subcarinal nodes up to 8 mm   not performed                                                          normal

  History of contact with known or suspected TB       negative                                                                                                   negative                                                                                                                   negative                                                               cousin IGRA (+), full family data in progress

  Pulmonological diagnosis                            LTBI                                                                                                       intrathoracic lymph nodes TB                                                                                               LTBI                                                                   LTBI

  Treatment of NS/proteinuria                         prednisone 60 mg/m^2^/day = 46 mg/day                                                                      prednisone 30 mg/m^2^/day = 24 mg/day                                                                                      prednisone 60 mg/day                                                   enalapril 2.5 mg/day

  Treatment of TB                                     isoniazid 6 months                                                                                         isoniazid + rifampicin + pyrazinamide 6 months                                                                             isoniazid 6 months                                                     isoniazid 6 months
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

♂ -- male; ♀ -- female; Hb -- hemoglobin; WBC -- white blood cells; CRP -- C-reactive protein; GFR -- glomerular filtration rate; GCS -- corticosteroids; URTI -- upper respiratory tract infections; US -- ultrasonography; CT -- computed tomography; TB -- tuberculosis; IGRA -- interferon γ release assay; LTBI -- latent tuberculosis infection

Discussion {#sec5}
==========

Currently, Poland is one of the countries with a low incidence of tuberculosis (i.e. \< 20/100,000/ year) \[[@cit0003]\]. TB most commonly affects lungs, but tuberculosis lesions may occur in various organs \[[@cit0001]-[@cit0006]\]. In 2016, extrapulmonary tuberculosis was diagnosed in 5.1% of patients with TB in Poland \[[@cit0003]\]. The location of TB in the urinary tract is considered to be the fourth most common location of the disease \[[@cit0003], [@cit0026]\]. In most patients with renal tuberculosis the most common symptoms are sterile pyuria and/or microscopic erythrocyturia and dysuria; NS is rarely diagnosed \[[@cit0023], [@cit0026]\]. Tuberculosis of the urinary tract in children is extremely uncommon; symptoms usually appear 5 to 15 years after infection \[[@cit0027]\].

In most cases, the human immune system is able to protect against the development of TB diesase. In only 5-10% of infected patients symptomatic TB develops, while in the remaining cases mycobacteria remain latent \[[@cit0005]\]. Latent tuberculosis infection, under favorable conditions, may undergo progression to active disease \[[@cit0005]-[@cit0007]\].

According to WHO recommendations, diagnostic tests for *M. tuberculosis* infection are indicated in the following clinical situations: 1) after contact with pulmonary tuberculosis, 2) prior to planned immunosuppressive therapy (including the preparation for organ transplantation), 3) prior to treatment with tumor necrosis factor α (TNF-α) antagonists, 4) in HIV-infected patients, 5) in the clinical suspicion of tuberculosis \[[@cit0001]-[@cit0003], [@cit0007]\].

Meta-analyses concerning the use of IGRA tests in the diagnosis of *M. tuberculosis* infection in children published in 2010-2012 showed a significantly better IGRA specificity compared to TT (88% -- QFT-GIT, 90% -- SPOT.TB, 65% -- TT), which was similar to adult population \[[@cit0013], [@cit0014]\]. In turn, the sensitivity of TT is estimated at 70-86% and IGRA tests at 62-90%. In the course of tuberculosis, the cells of the immune system (primarily T-lymphocytes) from the peripheral blood are transferred to the site of the disease process. In addition, a negative TT may occur due to the processes observed during active disease which involve the stimulation of T-regulatory cells that secrete interleukin 10 which then reduces the inflammatory response \[[@cit0008]\]. Negative TT results do not exclude latent infection or even active tuberculosis, especially in immunosuppressed patients \[[@cit0001]-[@cit0003], [@cit0007], [@cit0008]\].

According to Lambie \[[@cit0023]\] 10% of children with NS may have a concomitant TB infection preceding the onset of TB. However, the exclusion of TB infection in children with NS is not standardized in all children's nephrological centers. There are local recommendations of TT performance to detect LTBI before steroid treatment of INS in children \[[@cit0028]\]. In our center, children with proteinuria and children with NS have been tested for TB infection with IGRA tests since 2014. Prior to 2014, TT was performed in all children with NS before starting GCS. The detection of TB infection with IGRA carries significant implications for further therapeutic decisions. When LTBI is detected in children with proteinuria/NS, chemoprophylaxis is introduced. In case of active TB, 3 or 4 anti-tuberculous drugs are used in the treatment. The use of GCS \> 15 mg/day for 4 weeks and immunosuppressive therapy are factors which increase the risk of both infection with M. tuberculosis and progression to TB disease \[[@cit0001], [@cit0005], [@cit0007], [@cit0024]\]. Therefore, children with NS treated with prednisone at a dose of 60 mg/m^2^/day, may be at especially high risk for TB disease. Among our patients, 3 children had been previously treated with GCS because of NS relapses. Each of these patients had a TT prior to the first GCS use (before 2014). All the TTs were negative. The patient with non-nephrotic proteinuria due to mesangial proliferation (case No. 4) had been previously treated only with antiallergic drugs.

According to PTChP recommendations \[[@cit0007]\], patients treated with prednisone at a dose of ≥ 15 mg per day for more than a month should be tested for TB if there is even a slight evidence of infection or lesions in chest radiography. Apart from proteinuria of varying intensity in all patients, the clinical symptoms that prompted us to perform tests for *M. tuberculosis* infection were: recurrent respiratory symptoms in all the patients and leukopenia in one case and erythrocyturia in one case. None of the patients presented non-specific symptoms such as weight loss, recurrent fever, or sweating. Inflammation indicators were low in all the children. Leukopenia was observed in one case. None of the children had pulmonary abnormalities in radiologic examinations, while in one patient an enlargement of intrathoracic lymph nodes was present in the CT examination. Lymph nodes inside the chest constitute the most common extrapulmonary site of tuberculosis in children \[[@cit0001], [@cit0027]\]. All the patients had positive QuantiFERON-TB test results, subsequent examinations of body fluids with bacterioscopy, BACTEC and Gen-Probe test, gave negative results in all 4 children.

Addition of antituberculous treatment to previously used otherapy resulted in remission of NS/proteinuria in all 4 analyzed children.

When tuberculosis infection is detected in a child younger than 5 years of age or primary TB is suspected, it is advisable to look for a person who was the source of infection in high risk areas (school, kindergarten, child's home) \[[@cit0007]\]. In our group, in case of one boy diagnosed with LTBI, further tests confirmed the diagnosis of LTBI in a cousin attending the same kindergarten suggesting family source of infection. Full family data are in progress. No source of infection was found in the remaining 3 children.

Conclusions {#sec6}
===========

1.  In children with proteinuria/nephrotic syndrome, tuberculosis infection should be considered as one of possible infectious etiopathogenetic factors.

2.  In children with NS prior to introducing corticosteroid therapy, and in children with NS refractory to corticosteroid and/or immunosuppressant treatment, it is worth to perform QuantiFERON-TB test.

3.  Appropriate antituberculous treatment helps achieve remission in patients with idiopathic nephrotic syndrome and tuberculosis infection.
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